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Sekil hafi zal alasi mlar il gi cekici 0zelliklerinden d
Midhendislige ek aolekridk,hadaelalliiklad agit™l ar1 nin mekani k 0d6ze
bi yomedi kal alaninda da yaygin olarak kullanilabil melkt e
artacag! t ahmi n edimankeakl teesdinrd.e Bsue kdedr lheanfi 1 zal | al asi mlar i n
sonra bu alasimlarin dis hekimligi, ortopedi ve genel cer
Anahtar kelimeler: Se ki | hafirzali1 alasi mlark bagodcedi&gamii; saknt !l 1 mme

Biomedical applications of shape memory alloys
Abstract

Shape memory alloys are attractive materials for many engineering applications due to their superior and rare proparddg@omp
conventional alloys. Besidgood mechanical properties, good biocompability of NiTi alloys make these materials possible candida
for biomedical industries in addition to engineering applications. They are predicted to be used in biomedical fieldethoas tid
manufacturing ad processing costs can be decreased. In this review paper, general properties of shape memory alloy:
documented and current/possible applications of these materials in denstistry, ortopedics and general surgery are discussed
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1.Gi ri K Paslanmaz Celik

Sekil hafi1 zal al asi ml ar me [ u
il gi cekici fizikselve fhekankk DU
0zelliklerinden (6r. Mukaveme ol
bi yomedi kal ve havacil i1k bast, Ist
biriminde kullani|l ma potansiyZE£ f
alasimlarin en ilgi cekici b Nitinol "
“séipel astisite” ozelligidir ©
sistemlerinde bul unmayan bu . ni
termoelastik faz doénisumi sa) __5‘_3_'1‘_'_"_, B
faz doénisiumiu sayesinde sicakl |/ A i |
tersinir kat i1 JUnanmsonutd olaiagtd iS5 e r i P -
10" a kadar (sekil hafirza al as t
sekil degi si ml er. el de et mek = roi
ol dukca yuksek mukavemet (>70_ .. _ __-~$.ek_”[_)eg'§'m' - .
sekil degi si mi sayesdllabdlnektwuks
ve bunun sonucu ol arakta e?qklél N’”ﬁﬁ’f’l%f’“"mﬁszepkVefe@’ﬂ”””geﬁ'lﬁ‘ew?%kl{r|y
uygul ama da kullan|lma—6]potanS|yeIi g6 JEENGFAGHE qi r [ 2

Bi yomedi kal alaninda kul I amMiTl @alna s ismikni1ln hiay o/ & yauarl md suig
alasi mlardan en yaygalnasolmlnar oMiaTia k(7Niltzienyoldzel | i gi nden ke
Bu alasim sisteminin tercih ddil Mdsienlienmeent i ®m®e ngldir en eddaehral
ise biyouyumlul ugu, korozyondadl ayincdahvae Oywacrewlemab aitide i@ ¢ d
ol arak sa8y]i.l abidunl a] 7bi rl i kt epaNii Viasgbasitmlbarkiasnin ol usmakt
manyetik rezonans goridnt il emeabvaekabi | gemayakl ol aroanko g eakfii
isl emlerinede uyuml uwlOlol dugu bilinmektedir [9

Biyomedikal uygulamalarda biyouyumluluk en gerekli TiO, ince film tabakasi
6zelliklerin basinda gel mek / n
bi yomedi kal uygul amal arda kul (I
endi se, Ni el ementinirmr lvilcw .
kanserojen olusudur [11]. Anc NiTi n
el ement i Ti ile alasim yapti g o]
kal ktir grdir. Ni Ti ala§|mlar| vucut 11 e etKlileslime gectil §gi
kull anit |l an Ni Ti al asi1 mi nisn UZeyel%leq’zézpa-'&zl»aé}o%taBak&s@s@matszgtheﬁ}ntabal‘
ol usmaktadir [9]. Bu ince tabak hem Ni el ementinin vicu
sal 1t ni mini i hmal edilebilir diB Zuey|dnecetht|maTkttaabhkmde, NINIT i
alasi minin vicut SI1 VI SI il eyl kseak sioy amdtae ewva @ Rl bmyg am ek
korozyon hi zintl10OhzalDtathaktamaoa | Y@Ppi1t héda bil e saglam kal ab
cal 1 smal ar danihi Thi yaoluaysuummlualrugiu cved&okazyani |l an alasimin vy
dayani minin vicut icinde kuldlaamgilmaygiizeiyclier i ndeumn!| el gwduy
bul unmuslt3ur. [ 1Bazi cal i1 smal akdaozNifTi olamasnt mldauriu mun ditia (
lzerine osteoblast ve fibroblilawsltl aidiiclrmasiilddigdredliemylgiuTian
bu alasimlarin sitotrokyioni thea f(asyetro teorxiitcmet y\y b .v eg ikhoi fazl ad
incelenmistir. Sonug¢ ol arak llnyegllnlaanlgr'nasbnrgerelksiblklraélktiécew
ol madi1 g1 sonucuna var il mi trr Dj.ger. r I da
Ni Ti al asi mlar fareleri$n fegnl\ Jndk'egnln kg'4<'| Ia|r|$hr£‘daT'z‘
iyilestirmeye yardi mci Ci vi fd”‘larap thlpaarr?aqh%lélrr gﬂﬁi
incelemeler sonucunda Ni Ti alaglmi9 FVln?ﬂ én?féﬁ@ﬁéél '
pasl anmaz celi kten i mal edi | tf;enf'etn&ur aé|9|_fer[i1|le %%r%'
iyilesmede daha etkin ol dudgu yvaep I|"’WeI Iars'laY rﬂla{z ateoqul _dinvi‘
gor e korozyona daha dayani kIl %?ﬁ%%?? Sq' 8 aukllerﬁukr%%ﬂr&eedﬁ a¢€
cal i1 smal ar sonucunda, amu‘l'lyomedlknylaru é%%ea d";tl er%d'g’tIr g
alasimlarinin en a6AI-4p/asaIIaar§manzp§ &Ieiklkeg (?Iﬁ"ie b B u _fa_z ‘?
kadar hatta onlardan daha da %! i“m8|”9&%d Sfonegsckdnahavlﬁ'rnl'l,nﬂc
[10]. ortaya ¢l kmaktadir. Dahdaiaa

alasimlarin en temel i ki fon

Sekil 1’ de Ni Ti, pasl anmazvegelbiilpewnvel aksetnisfiitne’ gedriirl. meSe
alti ndaki sekil dedgi sim dedestheeaernelgabsrtiilkmedt leidi 5.e m&Bisk aml
cel iejrisni ntir sekil degdi si mi %t OpiSk deéenr azmekken hNiftiizmol dav
alasimlari1 i¢in bu deger % 8 edlebh méai!|l a ¢dIna briall meekrteend inr . maBre
sekilde kemikte tersinir sekisli sda@gdni niemigog @&s t(errebiNirmdk tTe A
bu deger % 1 civarindadir. ol masi gerekmektedir [1].
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Sekil de goérul en 1. bol ge ingairnt)enali asifraxn nuar tel amasi k g
def ormasyonunu gobstermektedirzaman WB&lteeanitn fhaiztii mi pidre g s
martenz t fazindaki i kizl enmel er maygemanani gémial md hiame 1 ethlkaidDHin
il e dizl estnweikntneidnigr) (vdee bu dumtwmmlar bnol geki npozisyonl arir
sonuna kadar sirmektedir. 3.mabb@legnededeif e madiyzd redsam s 6 n kd k
yapli |l ar el astik ol ar ak def somea ostmagut adan. mallad ermene he

Gzerindeki yik Ciseokmabraenma gz&dirmeiem teste basl angBug f
gercekl esen el astik defor masytoenrl sairnigrerg e kkialz acha § iasciarkit 1 § e k iA

mal z e me orijinal sekline gemgid s tdedrnielmeiysetcierk [ 1 6] .egr i D
noktasina ul asacakti1r. Bu dur umda mal z e me Gzerinde 2.
b6l gede gerceklesen ikiz diuzlesmesinden dol ayl mal zeme es
sekel iger i dénememi stir. Mal zemenin es ki seklini geri
kazanmas.| i¢cin (diozlesmis ikiz yapitlarin eski hal i ni al
a) b)
c
T > Af
A 2 A 2 B//S
o o
E E
g 1 g | 4
o o
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4 E D
5
Sekil Degisimi D Sekil Degisimi

Sekil 3: Sekil hafizali alasgimlarda a) sekil hafiza etkisi ve b) siiperelastik etki [16]

Sekil 3b” de i se tipik bkiurl | ssniipleare | ialseét kkendanad aerme!l e
go6rdl mektedir. Sekil haf i1 zaldia oalldauskicnal ayrinkns e bbtui r daBouadansg
gosterebil mel eri i ¢cin mal ze memailnz edmeetl eerrii tn  fba zyi1o0rudy aamydaanyical nanlan
sistemine godére degisen yiukseldabiwyi sotamlalsn ktsar ot masi Ng&r e
Sekil 3b’de gosterilen semati lgtoe el .f abrckllge bdisrt eme Karfiazma 1 inl
deformasyonunu gbstermektedirvb. DalakislondagiAsimok tgadssitnedrad i
eqgri pl ato sekline ddédner ek gozuémmmekaealirz AModeklt ame hdoe
6stenit fazi uygul anan geri |l ndawah nslyamridnimi a¢i kl asmpamamakt ad
donidsmeyee bhg!l dmaz déniusimid AB8aywyagmiimliarbbonyyuncael eneksel me
devam edemar t@sntzenni tdéonisiumiu Bohmhtdagi ndaptleanid&al 1 s8.1 ar
ol ar ak tamaml anir vV e egrinin BC ki1 smi ol usan martenzit
fazinin elastik defor masyonumuRigd i | anan geril
kaldirilor i se malzememeyetek?é@lym@%dﬁﬁhluyrgglwﬁﬂgr don
basl|l ayacaktir. Egrinin CD k|s|:5n.|nda}0 T(a.rt[enzﬂi.t Uzerindeki
el asti k deformasyon ger.i kaza®PihiK g€ KgeMhk | d rh 'ﬂyzgeU|m§|mtae|
O0stenit ger i faz dontGsumini ifsage | e helf-irzaP 0 b ikl SarséNdhiat kaal | Sd
O0stenit Uzerindeki el astik delygumamaen defhkici Krgkarllamy sd8
Boyl ece tmadtzietmebasl angi ci ndakgy absttianatl at@dal Na TYapel l erin
orijinal sekline geri donmis @iws [d&del er boyunca uygu

Sekil hafiza davranislarind @ask! FT&RE LRT » b 0ol nPedd? NkEaR | O &
uygul amal ar icin bir diger Bhedsi | ma dehéd PAS@INi il P4
yorulma dayani midir [17]. vaikluitsmedep; sPREE Madizieame | Byinl
malzemelert e kr ar | | yik ve sekil Olggigaki htermade e malrqrzi n klin
kaldi klarindan dolayir kullanidasn amipsdAardidgsrevianP! Iy2dhp ay |
icin yorulma dayatnmhklimrdai ot GhBH Mipadenp j NT Ti telleri di g
bnem tasir. Ornegin damarda M&diY&d/lano!lygnas 8aedtdijggme P, (9
yaklasi k tekarlsnnseki4lo ddgiyofailazePsdz8i'a arasinda yer al m:
ol abilecegi BDlinmphktedieki [ ded!kdad'pMparindangemal edil mis
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(a) (b)

Sekil 4: a) NiTi telin dislere uygulanmadan onceki hali ve b) NiTi telin gerdirme anahtarlari ile birlikte ortodontik tedavilerde
kullanim gekillerinden bir tanesi [23]

Ni Ti alasi mlarinin ortodontik tel uygulamal ari1 nin yanin
diislgi kte baska bir kullanim al ani da c¢cene cerrahisidir. {
5'te ¢cene cerrahisinde kullanilan damak kemeri ve ortodor
di strakter goérul mektedir.

Sekil 5: a) NiTi damak agici ve b) NiTi ortodontik distrakter [24]

Yukar i1 daki uygul mal ar da sekiDi gehraftiazradfit aml ast mbant nk
superelastik 6zelliginden ycaerlairkl a &l makt & dniars . Buwre s b winr d
uygul amal arda kullani | an mal zlametnd-4nhattadad birv kontrelal gitmesi gerelemekdedirs |
ve damaga s alaist Yk ekyngkltadi rAncDakjegehkialrahatinzal. al as i1 ml
dokul ara zarar ver memes:i ve gteirydalrime, ol mgimaenmaemni ni cidroghl
yikon dis itk seviyelerde vékaydeklfkiakeng! ol mamasuizun siir
gerekmektedir Seki l hafi zal idallaysi mhast i pkragyliddsdfik &Epnat
nedeniyle disuk seviyedéildebi r gydirkniie suiz uyne tselrrlei soalbmatk thaidri rs e[
uygulayabilir Ag1 z i G or t adorumslurcakl 1 g1 ni1n neredeyse s a
ol dugunu didsuniur sek sekil haf Z al | ala§ rplar told0n|t|%
uygul amal ar i ¢cin gel eneksel k ya‘%('l”é9ie a{/ Iadg.e m?%r? rflélrae
ol dukgca avantajl bir dur uma fge n]( te ir o ha%k}' | V4 ledmul
i ¢cin uygarlakmeamaskuwvet miktar. $'z Fdl faBéP%gEFgSN?in%Id
Bundan dol ayl sekil hafi1 zal IIag,lm?n uyﬁqd yacag.! 5<qu1
basit 1 sl islemler ile ayarlg%a%?m?ﬂe t 3 T I5] she !
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> NiTi duzlestirici

Siki dis Gevsek dis  Siki dis

a) b)

Sekil 6: a) NiTi dis frezi ve b) NiTi diizeltici [26]

Endodont i de kull ani | an di s rsiz
cal 1 sabil mesi i ¢cin esnekliklerini ‘e met V €
yorul ma oémirlerinin de yiuksek ol m r. Anc al
boéyl e bir durumda frezler di s k 6 I r1 |l madas
ul asabi bzoun sidar e -2k8ull.l agnerklialbi6l b ri s[e
ortodonti de kull ani |l an dizel ti ri1ni
gostermektedir. Bu uygul amada i se i ki sadg
di s arasinda kal mi s vV e hareket di si
sagl amlastir mak i cin relagtii | 1 ani1 | me
alasi mlardan yararlani |l arak, sal | di sl e
sabitlenmekte ve disin diusmesi engr-- | . -f.r [26] .

Benzer ol arak diger bir uygul a i sinde
kull anil an implantlardir. Sekil 7 I al asi
i mal ddirl diig i mpl ant goral mektedi

Sekil 8: Kok tipi ¢ene implanti [29]

Daha sonra oda sicakIl 131 nq

fazindapliakngn ni mg¢l ar | duzl est

yerlestirilir. Daha sonra vi

faz donidsumu gecirerek oriji

sayede kendiliginden damak

Byl ece yabuktanmadanwbi mpl an

yerlestiril mis ol ur [ 29] . B

donidsim si1caklit klarinin v ict

ol mas:i gerektigidir. Mal zem

fazinda ve i mpl ant 1 nndaynanmehzé s t

fazinda ol mal i1 dir. Buda mal z
Sekil 7: NiTi implant [29] mekani k islemler ile mimkund

Bununl a birlikte kemi k i ¢cine yerlestirilebilen i mpl an
uygul amalari da mevcuttur. SexkOrt ®'pdedigouyldula mpailbar &i -
den uretlldmmakiinpleahlsine yerle%t|r|lehb|l|r. Bu_ t Gr

; ek|l afi1 zal. alasi.ml.ar i1.n
uygul amal ar da sekil haflzallorltmpeatlil(rl]tdliar” énaléﬁanl|osé[lean'1
fazinda iken uUretilir ve uglak|.?<.%sin brraki. "o . . 3

emikleri "t" e Krar eski haline ge
Birlestirilecek kemikler dnc
ise st kistirma kuvvet. uygul
tutul mal i drir. Di ger tarafte

mal zemeni n bi ymwma kuvvetl uygulanmyak |
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uygun ve invazif ol mas:i ger ekdnelkitred{ geniTdilmethu iir Rt ivyea ¢tl eas
sekil hafi1 zal al asi mlar t aonafis ad@dnineskicakl bign vsleckui t1 d:
karsil anabil mektedir [ 30] . Aydrsitcean i tu faalzasnitaml qae g mi ss i@lew re |
6zelliklerinden dol ayl dogaBoybkearak eduayvgiul mglade $idnmik| sl
s1 kr g kuvvetleri, sekil hat mabhkemealtagnafliamdandnir et ahar
¢l karmaktadi r. Seki l 9’ da s¥Y«&pill amaf cahbh| srall aaksd end ediridraibra
edil mis ortopedi k bir zi mba glWrzl anedkitredi §. bulunmustur [ 3
_h..i_
| J : |4/
a) b)
Sekil 9: Sekil hafizali alagim ortopedik zimba [29]
Ortopedi k z1 mba s e kaétilkbildeekf 1 z
en basi't Ve et ki li mekani znm mhon oda
st cakli1 grnda ve martenzi-t f a Ciori |
i stenen b6l geye uygulanir v kil
verilebilir (Sekil 9a) . Sekil & 1G1l ar
mi kt ar Dalga | sonra zi1 mba vidcut - —
martenzit fazi atoml ar i dize faz
doéndasar vV e Z1 mba i1k agretil / . Yal
z1i mbanin ac¢il an ayaklarl faz panme
i ster (Sekil 9b) r(;ayrllbm)lylecke k e mi
birlestiriBmis &I mba [a9akl aruﬁekﬂnﬂ quléhpﬁéﬂhWWdanlmaledllmlsekstemal
i stemesi ile olusan st kistirma kuvveﬁiﬁﬂmrlerc{%]tam st cakl 1§
degi smedi gi slUrece var ol maya devam ede sekil de dogz
ol arak uygulanan bir s.lk|$,:t|r__mat?’eIKU\I/veht""lf'ezladeI ead||81§n1|r§| &l N
mekanizmaeklemi ¢i , cene ve yiiz klrlﬂpﬁﬁml'g'?bf BYgUbamgst, kpg ke
basari ile uygulanabilmistir.>Di-gerBUta Fé{'FtaHngl@'@zﬁlt% i n©
operasyon siuresini azaltaraktﬁpial,‘ffkera'gﬁ”a%n 'a‘ﬁtéﬁ'@%glmé
bildiriB3pistir [31 seklinde ya_P"'r
goér 0l mektedir
Buna benzer bir uygul ama i se ki rik bol gesi ne vi da
yard | mi il e uygul anan protezle~ """~ A == A I
protez, ki rir k bol gesindeki k e ¢cin
yar di mi il e kemiklere tutturu - uz,
vb. gi bi dir s alc¢ilamanin zor 11 a
[26,34].
.
Sekil 10: Sekil hafizali alagimdan imal edilmis protez [26]
Diger bir wuygulama ise ekster,. I, fi ksator ~uygul ma rird
seril 11 ae Yol st len 11 ks a1 Seh atgl dagng g iog i "4 ¢

www.ejosat.com ISSN:2143683 139



Avrupa Bilim ve Teknoloji Dergisi

Bu uygul amada ¢i vi martenzit Skblyztedud &i hden kemi &niilgcamef a
yerlestirilir ve vicut s1 cakhafgn mnalar uflialss atgsé mider diise [ mall]
O6stenit fazina gececefinden gefjéenakselal bniyomédir k ale Bil kia
sagl anir. Bu tidr wuygul amal ar ,f ibkd ®tkdreradleamdluslkbli | @ciielkmiys m
doku hasarhlaasrtianndban daajr 1 s1 ni srpakboaked i ysmdrgaradcr iy id dersimem
olabilmektedir [3637]. hastalarda fiksatoér protezde

Seki l hafi zal al asi mlar i n koarstokpoemcpildekaayggr§'bl|{arlyektullqean
yeri i se omur ga hasarl ari dir, g?kil 13" de omur?a
zedel enmel erinde kull ani |l an §'£qu|] haplezrarlah'aléjglgmu oé?nmlad
bilezigi g 6 r U lurgeebilerilded kas ve[yd Bf] .  Ome g | hafi1 zal i alasimlar.
gevseklikleri sonucunda ol usabyd@rceha ORY xokd rdatNedsgré g &dXd e
gidermede kullani I maktadir. @Pyrudamdereaal zkd9i &h N1 O M
durumunda i ki kemi k arasindg| A9rm@add nn disdwdiay otkil! Mz e
ol abilir. Buda spinal bilkanalpglog yep ¢ ghastiasBarPaham Ocledr r a
Gel eneksel vida kullanma yonygoi8@ndP" &c UYadnl ! RIN@GK 1R IK| |
daha basit ve bununla birlikte omur ve sinir zedelenme riski ¢ t me k mi mk i n ol maktadir. B
aclsindan daha givenilir biro mpioink £dy oAl dy@wa Ya@zP 1d @M v

cal 1 smal arda or-8%ya glkar|lm|§5g|rar{1§|§tad,r [42] .

Bununla beraber endoskopi uygulamalarda cerrahi aletler

0N dar b6l gelerde c¢ali smak zoru

) oldukca esnek, kirvri Il maya dayan
deformasyon altinda sabit y U

Ger ekl i ol an bu 6zellikler

gel eneksel bi yomedi kal al as

Ti 6 Al 4V) go6r @ntceojkl 1dahhaal eavget

Sekil hafi1za etkisi ve siuper

esnek ve daha kiucuk cerrrah

getirmektedir. Sekil hafi1 zal

kull anirm ic¢cin99apyibhagcahas
Sekil 13: Omurga bilezigi [29] [43].
Sekhdfi1 zal alasi mlardan yag+
skol yoz benzeri hastali i kl ar u
kull ani | abil mektedir [ 40] . ?1
6zelli kten dol ayl i ki omur ar
ger i y Uk uyglalvama;ktraasvedaeistc
oynamal ar 1 ni engel |l emektedir..
surekl: i vV e sabit bir y Uk oE
pozisyonuna bagl. olmak5|2|nt
hareket kabili4pti artmaktadir

TN
/ P 2 PN
/ / \_—X ) /
/ / { / A\

NCircle® NCompass® NForce® NGage® NTrap®

Nitinol Tipless Nitinol Stone Nitinol Helical Nitinol Stone Stone Entrapment

Stone Extractor  Extractor Stone Extractor  Extractor and Extraction
Device

Sekil 14: Safra kanali ve bébrek taslarini ¢tkarmakta kullanilan sekil hafizali alagimdan imal edilmis cihaz [44]
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Sekil hafi1 zal alasimlarin dygelramalsamrn#ddrmi biSweykd di alibd &
kendiliginden genisleyebil en adaansarmdsatne nit halr i e¢idi .l mNisTibisrt
kardiyol oj i deillkeurl | s@eki Bn hahg Gpadipi meaIt aesdii m .

Sekil 15: Nitinol stent ve damar i¢i uygulanmasi [49]

Ti kanit kl 1k ol an bo6élgeye baltokawk kv akder n &uuytleadmatvii sk inimid s .

ol arak martenzit fazinda yer lyspililrdand eqpalsitemdl, arvdiac uli Tis 1 &
il e dsatzemiat donltstidglu zaman otiajsitrmdlargsekltiendavailsmarkdtea weéeki
geni sl emektedir. Dol ay1 s i | ek aliiktaensiikn e kk aotl kain $H2ejrl agdtignt by
ile sekil de gorual duagau gi bi aclt |l maktadir. Stent kull ani
suresince wvicut st cakli ginda kalacagindan dol ayl geni sl e
halini kor ulyaaycia g dadan dokani kIl 1 g1 gideril mis
ol acakag8lur [ 47

Sekil hafi zal i alasimlarinbir di ger stent uygul amas.| (
Grolojide kullani |l maktadir. Sekil 16’ da goériulen UuUretral
esnek vV e kirvrilabilir ol ma 6zelliginden dol ayl idrar y

Sekil 16: a) Uretral stentin goriiniimii ve b) iiretral stentin ugulanma sematigi [50]

Sekil hafi zal alasi mlar ile tasarl anmi s bir di ger
bi yomedi kal al et i se Meds hape sirketi tarafindan
ticarilestirilen ve Sekmli 1d@i Bes gordl en Morphix
kancasi dir [ 37] . Di ki s kancal ar yrrtilmrs tendonl ar. t
kemi e tutturmak ic¢in kullanilan kancalardir [ 3] .
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a) b)
Sikistirilmig Sekil hafizali Geniglemis -
geometri i yerlestirme geometri 2 ¢
kanatlari Tek kullanimlk

yerlestirici

Sekil 17: Morphix dikis kancast [37]

Cerrahi midahal edé&n saomrraanakghl agsmeabnl mel eri dir [ 54] .
bas!|l ayabil mesi i ¢cin di ki s ka@aincial e ming inn krerkiaknti kn d & v K anma |
mukavemetlerinin yiuksek ol masdawygrearikgne k e dsorinmdAlk sthrzetrmalkidk r
i yilesme wuzayabil mektedir. Selkandzelr7l’i kdtee gNirEiIerse§kél{ilhmfa|f

alasim kullani |l arak tasarl anniysumMaomumhiox dhegaagiksek daledd
stknisi I mis bir geometri il e kemi.g yer est i r_i me s i e boy
bu islemin kolay ol masidir. ng}I\L'ITe'nlllnlﬁgﬁHm gr')(%rllﬁrl]eg\.kn%..rpn'i%l
asamasinda kancayl olusturan 1Jzaeme i mEr ELRDT L Pa%“ﬁg
. ve||alg§|mlar|n|n fla(\"kLl glf';\n
ol mas. gerekir. Daha sonr a Vuklustltllaln%l' Idae S Lea nlglolarraq
sekil dledig@ist gir b i geni sl emi s gaeloameltrmlasrl ni k.azzarga%lajk Ovle Coa k
kanat!l ar acilacaktir. Bbylec§ekaqS| 8,b'ergge mg#rlak d%%%%
kancanin kemi kten ¢1 kmas:| zor Iak§tacra|arvIn r?ts‘fa r%l rﬁ‘.drkagl\)ergr\(etteid
artmrs olacaktir. Bu basit y%‘nte?‘n yi ¢ oAt k HPEH ™M PR %9
iyil esmeyi hb3.l andi rmaktadir
Daha Oncede belirtildigi gi bi, Ni Ti sekil hafi1 zal
al asi mlar, kemi k y a d di s yerine i mpl ant ol ar ak

Sekil 18: Farkli gozeneklik oranlarinda NiTi implantlar a) dis implantlar ve b) kal¢a eklem implantlart [55-57]

Bu yoént emde sekil hafizali1 Oakasiodlarrakgo6 zeekikll i hafl az all
retil mekte Ve mal zemedeki ¢cgbregmakarm3dketcptiribg iimgy anrdPe@ noal r dawkl
al asi1 min el astik moddal @ ke mimjhsinnw @e | sasnt u &ku n dnao dlid Galke 1 | |
yaklastiril abil mektedir. Boydléehti el r kawk | ahahama iym@aylgamt loalrar |
kemi kl ere benzegdOsmeé&nebk| ekt adllkpeir. Bu mal zemeler Uzer.:i

de ol dukg¢ca yogun bir sekilde
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alasimlarin endistride yaygi[n6dgl aArcak Euyl 10k alymals 2118 . 6 H@
en biyuk @é@negéime zorl ugu ve sheuknial bhaafluz adliaralka sarnlaanr |, Ni
mal iyetleridir. Eger bu isedoz aMiame md il flri lor Bialdiami34Rrail dD e r d iasii
d

alasitmbarin kullanim da ayni, gihaddlpefoh & RithieRO2012 Mechdnlaf fhtigde
and fracture of nitinol. Int Mater Rev (57/153F.

Kaynaklar . . .
[18] Hornbogen E. 2004. Review thermmechanical fatigue of
[1] Wayman CM. and K. Otsuka. 1998. Shape Memoryshape memory alloys. J Mater Sci (39/2), 388.

Materials. Cambridge Unérsity Press. . . . .
9 y [19] Pelton A. 2011. Nitinol fatigue: aview of microstructures

[2] Acar E, Ozbulut OE and Karaca HE. 2015. Experimentaand mechanisms. J Mater Eng Perform (28)#13617.

investigation and modeling of the loading rate and temperatu . . :
dependent superelastic response of a high performance- shagtg]. Petrini L, Dordoni E, Wu W Guala. C, S'IVESUO. C
igliavacca F, et al. 2013. Fatigue resistance of nitinol

I t Mater. Struct., (24/7), 75020.
memory alloy, Smart Mater. Struct., (24/7), 75020 peripheral stents. In: 6th ECCOMAS conference on smart
[3] Kaya I, Tobe H, Karaca HE, Acar E, and Chumlyakov Yl, structurs and materials (SMART2013), Politecnico di Torino,
2016. Shape Memory Behavior of [1i@fiented NiTi Single 24-26.

Crystals After Stresassisted Aging, Acta Metall. Sin. (English . . N

Ler}c/ts ?239 /3)628226856 ssisted Aging, Acta Metall. Sin. (Englis [21] Thompson SA. 1999. An overview of nickeletitanium alloys
h | used in dentistry. Int Endod J 33, 2970.

4] K HE, Saghaian SM, Tobe H, Acar E, B . .

k;gagsgaM Kainﬁ%aallgnand No?abee RD 2%?; Diﬁﬁg%rr%gS?;z] Method and system for orthodontic moving of teeth. 1973.

phase transformation characteristics of Mn75.7Pt24.3, J. Allo satent US 4037324

Compd., (589), 4E215. [23] Petrini L, Francesco M, 2011. Biomedical applications of

[5] Acar E. 2015.Dynamic mechanical response of a Ni45.shape memory alloys, Journal of Metallurgy, 501483.
7Ti29. 3Hf20Pd5 alloy Mat eri ass Sciencp2andKEpgl aeesr,i nRy WAyanen J,
(633) 169175. modeling controlled by a nickgitanium shape memory alloy

[6] Acar E, Karaca HE, Tobe H, Noebe RD and Chumly(,:lko\i,ntrameduIIary nailBiomaterials, (23/12) ,2532543.

Yl. 2013. Characterization of the shape memory properties of[@5] Torrisi L and Di Marco G. 2000. Physical characterization
Ni45.3Ti39.7Hf10PdS5 alloy, J. Alloys Compd., (578) 2802. of endodontic instruments in NiTi alloy, in Proceedings of the

[7] Machado LG, SawMA. 2002. Medical applications of shape Int(_arnational Symposium on Shape Memory Materials, Materials
memory alloys, Braz J Med Biol res (36 /6) 6831. Science Forum, (327),#38.

[8] Duerig T, Pelton A, Stoeckel D. 1999 An overview of nitinol [26] _A“TiCChiO F, Boatti E, Conti M. 20.15' S.MA ey
medical applications. Mater Sci Eng A (2235),149160 applications, Shape Memory Alloy Engineering, Butterworth
’ ' Heinemann.

[9] EsSouni M, FischeBrandies H. 2005 Asessing the . .

biocompatibility of NiTi shape memory alloys used for medical{?ﬂ MontenegreSantillan R AI_egreDommgo T FauM.atosgs

applications. Anal Bioanal Chem (381),5567. , FausLlacer V.2013. An in vitro comparison of cyclic fatigue
' resistancef ProTaper universal and GT series X files. Med Oral

[10] Ryhanen J. 2000. Biocompatibility evaluation of niekel Patol Oral Cir Bucal (18/3),e533536.

titanium shape memory metal alloy [Ph.D. dissertation]. Facult . . -
of Medicing Department of Surgery, University of Oulu. Eg{;gg%ﬁ&?ﬁ?gg’.ls?zus(;nesg?,;gv. 2000. Medical uses of nitinol.

[11] Wever D, Veldhuizen A, Sanders M, Schakenraad J, V: ) . . . .
Horn J. 1997. Cytotoxic, allergic and genotoxic activity of Z’f}g] VVAA. 1990. In: Duerig TW, editor. Engineering aspects of

nickeHitanium alloy. Biomaterials (18),111E20. shape memory alloys. ButterworiHeinemann Limited.

[12] Guidoin R, Zhang Z, Dionne G, Doliei Y, King M [30] Tarnita D, Tarnita D, Bolcu D. 2011. In: FaRétzai R,
Legrand A, et,al. 2005.,Corrosion 7of the ni,tinol wiré ofeditor. Biomedical engineering e from theory to applications.

endovascular prostheses: does nickel ion impair the devicg$l] Dai KR, Hou XK, Sun YH, Tang RG, Qiu SJ, Ni C. 1993.
performance? In: Medlin D, Helmus M, editors. Medical deviceTreatment of intraarticdar fractures with shape memory
materials Il e proceedings of the materials and processes f@smpression staples. Injury (24/10),6535.

medical devices conference St. Paul, MN; 288. )

[32] Lekston Z, Stroz D, DrusiPawlowska M.2012.
[13] Barcelos AM, Luna AS, de Assis Ferreira N, Braga AV, ddPreparation and characterization of nitinol bone staples for
Lago DC, de Senna LF. 2012. Corrosion evaluation ofraniomaxillofacial surgery. J Mater Eng Perform 21,2650
orthodontic wires in artificial saliva solutions by using respons@esé.

surface methodology. Mat&es(16),5664.
[33] Shape memory alloy staple. 1999. Patent EP 1173102 B1.
[14] Krishna BV, Bose S, Bandyopadhyay A. 2007. Laser

processing of neshape NiTi shape memory alloy. J Metal Materl34] Youyi C. 2001. Orthopedic application of NiTi shape
Trans A (38),10961103. memory alloys in China. In: SMSA000: proceedings of the

international conference on shape memory and superelastic
[15] Shabalovskaya S, Anderegg J, Van Humbeeck J. 200fchnologies.

Critical overview of nitinol surfaces andein modifications for

medical applications. Acta Biomater (4),44G7. [35] Intramedllary nail to be inserted into a fractured long bone.

2008. Patent EP 2133034 Al.

www.ejosat.com ISSN:2143683 143


javascript:void(0)
javascript:void(0)

Avrupa Bilim ve Teknoloji Dergisi
[36] Kujala S, Ryhanen J, Jamsa T, Danilov A, Saaranen J,53] Yakachi CM, Griffis J, P
Pramila A, et al. 2002. Bone modeling controlled by a nickelarea: A new indication for suture anchor pullout strength?.
titanium shape memory alloy intramedullary nail. Bidenals Journal of Ortopaedic Rearch. (27/8), 1048054.

(23/12),25352543. [54] Elahinia ME, Hashemi M, tabesh M. 2012. Manufacturing
[37] MedShape www.medshape.com. (Consultation: Februagnd processing of NiTi implants: A review, progress in Materials
2013). Science, (57), 91946.

[38] Kim D, Eun J, Park J. 2012. Posterior cervical fixation with[55] Chahine G, Koike M, Okabe T, Smith P, Kovacevic R.
a nitinol shape memory loop for primary surgical stabilization 02008. The design and proction of THF6A1-4V ELI customized
atlantoaxial instability: a prelimary report. J Korean Neurosurg dental implants. JOM (60),565.

Soc (52),2426. [56] Upadhyaya GS. 2002. Powder metallurgy technology.
[39] Sanchez Marquez J, Sanchez P&ezeso F, Fernandez Cambridge International Science Publishing-BB7 [chapters 6

Baill o N, Gi | Garay E. 2012 .and@r adual scoliosis correctio
time with shapememory metal: a preliminary report of an

experimental study. Scoliosig/1). [57] Harrysson O, Cansizoglu O, Marcelliittle D, Cormier D,

West H. 2008. Direct metal fabrication of titanium implants with
[40] Kuong E, Cheung K, Samartzis D, Yeung K, Luk K. 2012tailored materials and mechanical properties using electron beam
Superelastic rods: the future of scoliosis curve correction. J Bomeelting technology. Mater Sci Eng C (28),3863.

Joint Surg Br (94)102.

[41] Wang Y, Zheng G, Zhang X, Zhang Y, Xiao S, Wang Z.
2011. Temporary use of shape memory spirad in the
treatment of scoliosis. Eur Spine J ,(20)/112.

[42] Kianzad S, Amini A, Karkouti S. 2011. Force control of
laparoscopy grasper using antagonistic shape memory alloy. In:
2011 1st Middle East conference on biomedical engineering,
MECBME 2011 Sharjah; pp. 33838.

[43] Cuschieri A. 1991. Variable curvature shapemory
spatula for laparoscopic surgery. Surg Endosc(;5);18719

[44] 2018. Gttps://www.cawkmedical.com/urology/otinistory-
nitinol-stoneextractorsy

[45] Costamagna G, Tringali A, Spicak J, Mutignani M, Shaw J,
Roy A, et al. 2012. Treatment of malignant gastroduodenal
obstruction with a nitinol seléxpanding metal stent: an
international pospective multicentre registry. Dig Liver Dis
(44),3743.

[46] Rossi P, Bezzi M, Rossi M, Adam A, Chetty N, Roddie M,
et al. 1994. Metallic stents in malignant biliary obstruction:
results of a multicenter European study of 240 patients. J Vasc
Interv Radol (5),279285.

[47] Talreja J, Eloubeidi M, Sauer B, Awabdy B, Lopes T,
Kahaleh M, et al. 2012. Fully covered removable nitinol-self
expandable metal stents (SEMS) in malignant strictures of the
esophagus: a multicenter analysis. Surg Endosc (269161

[48] Kujawski K, Stasiak M, Rysz J. 2012. The evaluation of
esophageal stenting complications in palliative treatment of
dysphagia related to esophageal cancer. Med Sci Monit (18),
323329.

[49] 2018. fttp://centralgaheart.com/ne&dow-heartstent)

[50] Allium Medical Solutions Ltd. www.alliummedical.com.
(Consultation: May 2013).

[51] Matsuzaki A, Morita T, Tokue A, Kobayashi Y. 2004.
Clinical study of intraurethral sten{MEMOKATH") for
prostatic hyperplasia e study of the changes in uroflowmetry and
international prostate symptom score in the early phase after
insertion of the stent. Nishinihon J Urol (66), 6343.

[52] Muller B, Deyhle H, Mushkolaj S, Wielanil. 2009. The
challenges in artificial muscle research to treat incontinence.
Swiss Med WKkly (139),59595.

www.ejosat.com ISSN:2148683 144


https://www.cookmedical.com/urology/our-history-nitinol-stone-extractors/
https://www.cookmedical.com/urology/our-history-nitinol-stone-extractors/
http://centralgaheart.com/need-know-heart-stent/

